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CHAPTER 1 
INTRODUCTION 
Tomato {Lycopersicon esculentum Mill.) is the world's largest 
vegetable crop and known as protective food for its nutritive value 
and also because of its wide spread production. It is one of the most 
important vegetable crops cultivated for its fleshy fruits. Tomato is 
considered as important commercial and dietary vegetable crop. It 
is generally used in preserved products like ketch-up, sauce, 
chutney, soup, paste, puree etc. Tomato is a rich source of 
minerals, vitamins and organic acid, essential amino acids and 
dietary fibers. It is a rich source of vitamin A and C. It also contains 
minerals like iron, phosphorus. Tomato contains lycopene and beta-
carotene pigments. 
Tomato is parasitized by root-knot nematodes Meloidogyne 
spp. In India, the estimated area and production of tomato are 
about 290,279 hectares and 4,603,446 tons respectively 
(Sidhu, 1998).Yield losses to tomato due to root-knot nematode 
Meloidogyne spp. in India range from 40 to 46% (Bhatti and 
Jain, 1977; Reddy, 1985). Roots infected with Meloidogyne spp. 
were severely galled. Moreover, plants were poor in growth with 
symptoms of chlorosis. This nematode is a serious constraint in the 
successful cultivation of this crop (Reddy, 1985). 
Plant growth promoting rhizobacteria (PGPR) are free living 
and may impart beneficial effects on plants. PGPR enhance 
emergence, colonize roots and stimulate overall plant growth. PGPR 
also improve seed germination, root development, mineral nutrition, 
water utilization and suppress diseases of plants (Siddiqui, 2006). 
The manipulation of crop rhizosphere with PGPR for biocontrol of 
plant pathogens has shown considerable promise (Nelson, 2004; 
Siddiqui, 2006). Out of several PGPR genera, Bacillus and 
Pseudomonas spp. have considerable potential in the biocontrol of 
plant parasitic nematodes. 
Bacillus species have been reported to promote the growth of 
a wide range of plants (De Freitas et al., 1997; Kokalis-Burelle 
et ai, 2002) and are very effective In the biological control of many 
plant microbial diseases. Bacillus spp. are able to form endospores 
that allow them to survive for extended periods under adverse 
environmental conditions. Some members of the group are 
diazotrophs and B. subtilis was Isolated from the rhizosphere of a 
wide range of plant species at concentration as high as 10^ per 
gram of rhizosphere soil (Wipat and Harwood, 1999). Jetlyanon 
et al. (2003) observed that a PGPR mixture containing B. 
amylollquefaciens and 8. pumilus induced systemic resistance 
against pathogens in several crops. Bacillus megaterium KL39, a 
biocontrol agent of red-pepper Phytophthora b/rght produces an 
antifungal antibiotic active against a broad range of plant pathogens 
(Jung and Kim, 2003). 
The effects of Pseudomonas in plant growth promotion have 
also been observed (Lemanceau, 1992; Digat, 1994). The beneficial 
effects of Pseudomonas spp. have been attributed to their ability to 
promote plant growth and to protect the plant against pathogenic 
microorganisms. Production of indole acetic acid (lAA) by 
Pseudomonas and their role in the development of root system is 
also evidenced (Patten and Click, 2002). lAA may promote directly 
root growth by stimulating plant cell elongation or cell division or 
indirectly by influencing bacterial 1-aminocyclopropane-l-carboxylic 
acid (ACC) deaminase activity. ACC is the direct precursor of 
ethylene an inhibitor of root growth (Jacobson et a!., 1994). 
Pseudomonads are also well known for their involvement in the 
biological control of several plant pathogens. The fluorescent 
pseudomonads are involved in the natural suppressiveness of some 
soils to Fusarium wilts, and have been applied successfully to 
suppress Fusarium wilts of various plant species (Lemanceau and 
Alabouvette, 1993). For many pseudomonads, production of 
metabolites such as antibiotics, siderophores and hydrogen cyanide 
(HCN) is the primary mechanism of biocontrol (Weller and 
Thomashow, 1993). Pseudomonas aeruginosa 78 produce a polar 
substance, heat labile, sensitive to extreme pH values causing 
in vitro juvenile mortality of Meloidogyne javanica (All et a/,, 2002). 
P. fluorescens CHAO produces several bioactive compounds 
(antibiotics, siderophores, HCN, indole acetic acid) and potential 
biocontrol agent of plant pathogens (Weller and Thomashow, 1993). 
Many strains of pseudomonads can indirectly protect the plants by 
inducing systemic resistance (Van Loon et a/., 1998; Ramamoorthy 
and Samiyappan, 2001; Zehnder et a/,, 2001). 
Soil microorganisms synthesize and secrete low-molecular-
weight Iron-binding compounds known as siderophores. 
Siderophores bind Felll with a very high affinity. The bacterium that 
originally synthesized the siderophores takes up the iron 
siderophore complex by using a receptor that is specific to the 
complex and is located in the outer cell membrane of the bacterium. 
Once inside the cell, the iron is released and is then available to 
support microbial growth. PGPR can prevent the proliferation of 
fungal and other pathogens by producing siderophores that bind 
most of the Fell l in the area around the plant root. The resulting 
lack of iron prevents pathogens from proliferating in this immediate 
vicinity. The PGPR out-compete the pathogens for available iron, 
thus causing death of the latter. Plants are not affected by the 
localized depletion of soil iron as most plants can grow at much 
lower iron concentrations (about 1000 fold less) than 
microorganisms. 
Cyanide is a secondary metabolite produced mainly by gram 
negative bacteria (Askeland and Morrison, 1983). Hydrogen cyanide 
(HCN) and CO2 are formed from glycine and catalyzed by HCN 
synthase (Gastric, 1994). HCN production by strains of 
Pseudomonas suppresses diseases while mutant strain defective in 
synthesis of HCN lost the ability to protect plants from the diseases 
(Voisard et al., 1989; Sacherer et al., 1994). Moreover, better 
availability of endogenous free lAA in the plant and a quicker 
defense response when infected by the fungus was reported 
(Fernandez-Falcon et al., 2003). Over-expression of lAA according 
to Beckman's models (1987, 1990, 2000) could act positively on 
other defense factors of the host plant such as the phenolic 
infusion, enzyme synthesis such as glucanase, gel formation, 
phytoalexin synthesis and tylose formation, which may result in a 
significant increase of resistance of plants to pathogens. 
Large numbers of PGPR including fluorescent pseudomonads 
and Bacillus spp. have been used for the biocontrol of plant 
pathogens (Siddiqui and Mahmood, 1999; Siddiqui, 2004). These 
bacteria have considerable potential for the biocontrol of plant 
pathogens. The selection of effective strains of particular bacteria is 
of prime importance for the biocontrol of plant pathogens. Isolation 
of bacteria from pathogen suppressive soils may increase the 
chances of finding effective strains (Cook and Baker, 1983) and to 
get effective strains, the isolation of bacteria should be made from 
the same environment in which they will be used (Weller et 
al] 1985). The ability to colonize roots and effects on seedling 
growth are the other parameters to screen for effective strains 
(Siddiqui et al; 2005). 
In the present study attempts were made to isolate Bacillus 
spp. and fluorescent pseudomonads from Meloidogyne spp. 
suppressive soils of tomato fields. 
1. These isolates were identified using Grann staining and 
other biochemical tests using Bergey's Manual of 
Determinative Bacteriology. 
2. These isolates were tested for their effect on hatching of 
M. incognita and for the production of siderophores, 
hydrogen cyanide and lAA, 
3. Effects of these Isolates were studied on seedling growth 
and growth of tomato. Root colonization of tomato by 
these isolates was also studied. 
4. Effects of these isolates on the galling and reproduction of 
M. incognita were also studied. 
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CHAPTER 2 
REVIEW OF LITERATURE 
Some bacteria are associated with roots of crop plants and 
exert beneficial effects on their hosts and are referred to as plant 
growth promoting rhizobacteria (PGPR) (Kloepper and Schroth, 
1978). PGPR inhabit the rhizosphere, the volume of soil under the 
immediate influence of the plant root system, and favors the 
establishment of a large amount of active microbial population. 
Plants release metabolically active cells from their roots and deposit 
as much as 20% of the carbon allocated to roots in the rhizosphere, 
suggesting a highly evolved relationship between the plant and 
rhizosphere microorganisms (Handelsman and Stabb, 1996). PGPR 
are free-living bacteria that may impart beneficial effects on plants. 
They can also suppress diseases of plants. The manipulation of the 
crop rhizosphere by inoculation with PGPR for biocontrol of plant 
pathogens has shown considerable promise (Handelsman and 
Stabb, 1996; Siddiqui and l^lahmood, 1999; Nelson, 2004). 
Biocontrol of plant diseases is particularly complex because these 
diseases mostly occur in the dynamic environment at the interface 
of the plant root as well as in the aerial parts of plants. Numerous 
recent reviews present comprehensively the variety of microbial 
biocontrol agents (Weller, 1988; Handelsman and Stabb, 1996; 
Siddiqui and l^lahmood, 1995a, 1996, 1999; Whipps, 2001; Weller 
et al., 2002; Bakker et ai, 2003). PGPR can directly stimulate plant 
growth in several different ways. They can: 
• Fix atmospheric nitrogen 
• Synthesize several plant hormones 
• Solubilize minerals 
• Synthesize enzymes that can modulate plant hormone levels 
The indirect promotion of plant growth occurs when PGPR 
lessen or prevent the deleterious effects of one more 
phytopathogenic organism by: 
• Producing siderophores that limit the available iron to the 
pathogen 
• Producing antibiotics that kill the pathogen 
• Inducing systemic resistance in plant 
PGPR also cause cell wall structural modifications and 
biochemical/physiological changes leading to the synthesis of 
proteins and chemicals involved in plant defense mechanisms. PGPR 
has been successfully used for the biocontrol of nematode diseases 
of plants in different parts of the world. I have reviewed the role of 
PGPR in the biocontrol of plant parasitic nematodes and It has been 
summarized below in the tabular form. 
Effects of PGPR on plant parasitic nematodes 
PGPR 
Bacillus 
thuringiensis 
244 isolates 
Serratia 
marcescens 
Number of 
isolates 
Nematode 
Meloidogyne 
sp. 
M. incognita 
M. incognita 
Globodera 
pallida 
Effect 
Prevented M. 
incognita from 
forming galls on 
tomato. 
Only 125 bacterial 
isolates imparted 
positive effect on 
tomato and 
cucumber, rarely 
on both and 
negative effect on 
nematodes. 
A bacterium 
produced a volatile 
metabolite and 
was nematoxic. 
Seed treatment 
reduced nematode 
penetration of 
potato roots. 
Reference 
Ignoffo and 
Dropkin, 1977 
Zavaleta-Mejia 
and Van Gundy, 
1982 
Zavaleta-I*>1ejia, 
1985 
Racke and 
Sikora, 1985 
table continued.. 
354 isolates 
Bacillus 
subtilis, 
B. cereus, 
B. pumilus, 
Pseudomonas 
Bacillus subtilis 
Agrobacterium 
radiobacter 
290 isolates 
8 isolates 
Bacillus 
licheniformis, 
P. mendocina 
M. incognita 
M. incognita, 
Heterodera 
cajani, 
H. zeae, 
H. a venae 
Meloidogyne 
spp. 
Rotylenchulus 
reniformis 
G. pallida 
Heterodera 
schachtii 
H. schachtii 
M. incognita 
P. fluorescens 
(strains JOB 204, 
JOB 209) and 
Bacillus (JOB 203) 
was most effective 
and clover plants 
treated with these 
bacteria had fewer 
galls and large root 
system. 
Most effective 
isolates against all 
tested species were 
B. subtilis and B. 
pumilus. The non-
cellular extract 
exhibited high 
larvicidal properties. 
Reduced nematode 
reproduction and 
galling on cotton, 
tomato, peanut and 
sugar beet. 
Reduced nematode 
infection by 40% 
when sprayed on 
seed pieces of 
potato. 
Eight isolates were 
antagonistic to H. 
schachtii, 3 isolates 
were identified as P. 
fluorescens. 
Nematode penet-
ration was reduced 
by 6 of 8 isolates 
tested. 
B. licheniformis 
caused greater 
reduction in 
nematode multipli-
cation than P. 
mendocina on 
tomato. 
Becker et al., 
1988 
Gokte and 
Swarup, 1988 
Sikora, 1988 
Sikora et al., 
1989 
Oostendorp and 
Sikora, 1989a 
Oostendorp and 
Sikora, 1989b 
Siddiqui and 
Husain, 1991 
table continued.. 
Bacillus 
licheniformis, 
Alcaligenes 
faecalls 
M. incognita B. licheniformis 
caused greater 
reduction in 
nematode multipli-
cation than A. 
faecalls on chickpea 
Siddiqui and 
Mahmood,1992 
P. aureofaciens Criconemella 
xenoplex 
One strain inhibited 
nematode multipli-
cation in green 
house test. 
Westcott and 
Kluepfel, 1992 
B. cereus M. Java n lea Inhibited penetration 
of nematodes on 
tomato roots. 
Oka eta/., 1993 
B. subtilis M. incognita 
race 3 
B. subtilis reduced 
nematode multipli-
cation and improved 
growth of chickpea. 
Siddiqui and 
i^ahmood,1993 
P. fluorescens Panagrellus 
sp. 
Bacteria cultivated 
on plate count broth 
reduced nematodes 
up to 57.4%. 
Weidenborner 
and Kunz, 1993 
B. 
thuringiensis 
C. elegans, 
R. reniformis 
P. penetrans 
Isolate 371 of 
bacterium reduced 
nematode popula-
tions on tomato and 
strawberry. 
Zuckerman et 
al., 1993 
R. reniformis 
solanacearum 
Slight inhibition of 
nematode activity 
on aubergine roots. 
Kermarrec et 
al., 1994 
B. subtilis M. incognita 
race 3 
Seed treatment with 
bacteria reduced 
nematode multipli-
cation on chickpea. 
Siddiqui and 
Mahmood, 
1995a 
B. subtilis H. cajani Bacteria reduced 
nematode multipli-
cation on pigeon 
pea. 
Siddiqui and 
Mahmood, 
1995b 
Endophytic 
bacterial 
strains 
M. incognita Reduced galling of 
cotton roots by 
root-knot 
nematode. 
Hallmann et al., 
1997 
table continued.. 
P. fluorescens M. javanica Reduced nematode 
multiplication and 
morphometries of 
M. javanica females 
on tomato. 
Siddiqui and 
Mahmood, 
1998 
P. putida, 
P. fluorescens 
Radopholus 
similis, 
Meloidogyne 
spp. 
Inhabited invasion 
of R. similis and 
Meloidogyne spp. in 
banana, maize and 
tomato. 
Aalten et al., 
1998 
B. sphaericus 
Agrobacterium 
radiobacter 
Globodera 
pallida 
Rhizobacteria 
systemically 
induced resistance 
against potato cyst 
nematode. 
Hasky-Gunther 
etal., 1998 
P. fluorescens H. cajani Reduced multipli-
cation of H. cajani 
on pigeon pea. 
Siddiqui et al., 
1998 
B. subtilis M. javanica Greatest growth of 
tomato and high 
reduction In 
nematode multipli-
cation occurred 
when ammonium 
sulphate was used 
with B. subtilis and 
G. mosseae. 
Siddiqui 
Mahmood, 
2000 
and 
P. fluorescens 
Azotobacter 
chroococcum, 
Azospirillum 
brasilense 
M. javanica Use of P. 
fluorescens with 
Glomus mosseae 
was better at 
improving chickpea 
growth and 
reducing galling and 
nematode multipli-
cation. 
Siddiqui 
Mahmood, 
2001 
and 
P. fluorescens 
(strains GRP3 
and PRS9) 
M. incognita A GRP3 strain was 
better in reducing 
galling and 
nematode multipli-
cation than PRS9 
Siddiqui et al., 
2001 
10 
table continued.. 
P. fluorescens, 
Azospirillum 
brasilense, 
Azotobacter 
chroococcum 
Microphos 
culture 
P.aeruginosa 
P. fluorescens 
P. fluorescens, 
Azotobacter 
chroococcum 
Fluorescent 
Pseudomonads 
P. fluorescens, 
Azotobacter 
chroococcum. 
Azospirillum 
brasilense 
Brevibacillus 
brevis or B. 
subtilis 
P. straita 
M. incognita 
M. javanica 
M. incognita 
Heterodera 
cruciferae 
M. incognita 
M. javanica 
M. incognita 
Best management 
of M. incognita was 
obtained when 
microphos culture 
(mixture of P. 
straita. Bacillus 
poly myxa and 
Aspergillus niger) 
was used with A. 
chroococcum and 
A. brasilense. 
Bare root dip or soil 
drench treatment 
reduced nematode 
penetration into 
tomato roots. 
Greater biocontrol 
of M. incognita was 
observed when P. 
fluorescens was 
used with the straw 
of Zea mays. 
Growth and 
hatching of 
nematode eggs 
were inhibited. 
P. fluorescens was 
better at improving 
tomato growth and 
reducing galling and 
nematode multipli-
cation than A. 
chroococcum and 
A. brasilense. 
Use of B7 strain as 
seed dressing was 
found to be most 
effective in reducing 
nematode 
population on mung 
bean. 
Reduced 
reproduction of M. 
incognita on pea. 
Siddiqui et al., 
2002 
Siddiqui and 
Shaukat, 2002 
Siddiqui and 
Mahmood, 
2003 
Aksoy and 
Mennan, 2004 
Siddiqui, 2004 
Li e ta/ . , 2005 
Siddiqui and 
Singh, 2005 
11 
table continued.. 
20 isolates of 
Bacillus and 
Fluorescent 
Pseudomonads 
M. incognita, 
H. cajani 
Four Isolates of 
Pseudomonas and 2 
of Bacillus (Pa 70, 
Pf 18, Pa 116, Pa 
324, B 18 and B 
160) were 
considered 
potentially useful 
for the biocontrol of 
nematodes. 
Siddiqui et al., 
2005 
Bacillus 
consortium 
(Strains INR7, 
T4 and IN 
937b) 
M. incognita Bacillus spp. has 
not showing the 
significant 
differences over 
untreated control in 
term of growth of 
micropropagated 
papaya but the 
inoculation of 
Bacillus with AM 
fungi reduced the 
development of M. 
incognita in plants. 
Jaizme-Vega et 
al., 2006 
20 isolates of 
fluorescent 
pseudomonads 
M. incognita Out of 20, four 
pseudomonads 
isolates (Pf604, 
Pf605, Pf611 and 
Pa616) have 
inhibitory effect 
against the hatching 
and penetration of 
nematodes. 
Siddiqui and 
Shakeel, 2006 
P. putida, 
Paenibacillus 
polymyxa 
M. incognita Inoculation of both 
the strains of PGPR 
significantly reduced 
the galling and 
nematode multipli-
cation in chickpea 
but the P. putida 
was found best in 
reducting galling 
and nematode 
multiplication. 
Akhtar and 
Siddiqui, 2007 
12 
table continued.. 
P. putida 
P. alcaligenes 
P. polymyxa 
B. pumilus 
10 isolates of 
Pseudomonas 
Bacillus 
Paenlbacillus 
polymyxa 
GBR-1 
P. fluorescens 
EPS291 and 
EPS817 
M. javanica 
M. Incognita 
M. incognita 
M. javanica 
Use of all PGPR 
strains reduced the 
galling and 
nematode 
reproduction In 
lentil but P. putida 
was found best in 
reducing galling and 
nematode 
reproduction. 
Fluorescent 
Pseudomonads 
isolates (Pf l , Pa2, 
Pa3, Pa4, and Pf5) 
caused greater 
inhibitory effect on 
the hatching and 
penetration of M. 
incognita than 
Bacillus isolates 
( B l , 82, 83, 84 and 
85). 
Culture filtrate of 
P. polymyxa GBR-1 
in vitro conditions 
significantly reduced 
hatching and 
mortality of 
juveniles. 
Both the isolates 
significantly 
increased the plant 
growth and reduced 
nematode 
reproduction in 
micropropagated 
banana. 
Siddiqui et al., 
2007a 
Siddiqui et al., 
2007b 
Khan et al., 
2008 
Rodriguez-
Romero et al., 
2008 
13 
MetkoxU 
CHAPTER 3 
MATERIALS AND METHODS 
Two hundred soil and root samples of tomato were collected 
from Aligarh district of Uttar Pradesh, India. The root samples were 
examined for the presence of Meloidogyne incognita on the basis of 
perineal patterns. Populations of M. incognita in the soil samples 
were also estimated (Southey, 1986). The suppressive soil samples 
were identified where root-knot incidences on the tomato roots 
were lower than expected in the prevailing environment. Moreover, 
samples from suppressive soils revealed poor number of 
nematodes. These samples were selected for the isolation 
of fluorescent pseudomonads and Bacillus spp. Isolation of 
Pseudomonas and Bacillus spp. were made using following 
procedure. 
1. For stock solution, 10 gm soil was dissolved in 200 ml normal 
saline solution. 
2. Seven test tubes each with 9 ml normal saline solution were 
prepared and marked as 1 to 7. 
3. One ml from stock solution was aseptically transferred to first 
test tube making the dilution 10 ' \ 
4. Solution in the test tube was mixed and 1 ml from this tube 
(10'^) was transferred aseptically to next, making it as 10"^. 
5. Similar transfers were made till 10'^ dilution was achieved. 
6. From 10"^ dilution, 0.1 ml was transferred to sterile nutrient 
agar plate and spread properly. This step was repeated with 
all other dilutions. 
7. All 7 plates were kept for incubation at 32 ± 1°C for 24-48 
hrs. 
Plates were observed for different rhizobacterial colonies. 
Required rhizobacterial colonies were picked, properly streaked on 
separate nutrient agar plates to get pure discrete colonies. Slant 
cultures of these strains were nnaintained in duplicate for various 
biochemical tests for further confirmation of Pseudomonas and 
Bacillus spp. 
3.1 Confirmatory tests 
3.1.1 Staining 
Gram staining was done by method of Christian Gram (1884). 
1. Thin smears were prepared on a clean glass slides. 
2. Smears were stained with crystal violet for 30 seconds and 
rinsed with sterile distilled water. 
3. Films were flooded with Grams iodine for 30 seconds and 
again rinsed with sterile distilled water. 
4. Decolourization was done by 95% alcohol and rinsed again 
with sterile distilled water. 
5. Counter staining was done with safranin for 20-30 seconds, 
finally rinsed with sterile distilled water and blot dried. 
6. Slides were observed under microscope. 
3 . 1 . 2 B iochemica l tes ts 
3 .1 .2 .1 Casein acid glucose (CAG) medium 
Composition: Casein acid hydrolysate 10.0 gm; Yeast extract 5.0 
gm; Glucose 5.0 gm; K2HPO4 4.0 gm; Agar 20.0gm. 
CAG medium plates were prepared and incubated at 30 ± 1°C 
overnight to check sterility and to remove excess moisture. Each 
plate was divided into eight equal sections. Each section was 
streaked from freshly prepared 72 hrs nutrient broth cultures. 
Plates were incubated at 32 ± 1°C for 24-48 hrs, growth in the 
streaked region confirms Bacillus spp. 
3.1 .2 .2 Fluorescence on King's B medium 
Composition: Proteose peptone (Difco) 20.0 gm; K2HPO4 1.5 gm; 
MgS04.7H20 0.5 gm; Agar 15.0 gm; Glycerol 15.0 ml. 
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King's B medium plates were prepared and incubated at 
30 ± 1°C overnight to checl< sterility and to remove excess 
moisture. Each plate was divided into eight sections and each 
section was streaked from freshly prepared 72 hrs Pseudomonas 
culture. Plates were left in incubator at 32 ± 1°C for 72 hrs. 
Productions of Fluorescence pigment were checked under U.V light 
to confirm fluorescent Pseudomonas. 
3.1.2.3 Citrate utilization 
Composition of Sodium Citrate medium: Ammonium dihydrogen 
phosphate 1.0 gm; Dipotassium phosphate 1.0 gm; Sodium chloride 
5.0 gm; Sodium citrate 2.0 gm; Magnesium sulfate 0.2 gm; 
Agar 15.0 gm; Bromothymol blue 0.08 gm. 
All strains were streaked on citrate medium plates and kept 
for incubation at 32 ± I 'C for 24-48 hrs for bacterial growth. 
Change in the colour of the medium from green to blue indicates 
the citrate utilization. 
3.1.2.4 Growth in 7 % NaCi 
Composition of Nutrient Agar medium: Peptone 5.0 gm; NaCI 
5.0gm; Beef extract 1.5 gm; Yeast extract 1.5 gm; Agar 20.0 gm. 
Ability to grow in 7% NaCI was checked by preparing nutrient 
agar medium with 7% NaCI and plates were divided into 4 sector. 
Loopful freshly prepared culture was placed in each sectors and left 
for incubation at 32°C for 24-48 hrs. Strains showing growth were 
marked as positive. 
3.1.2.5 Levan formation 
Composition of Nutrient Agar medium: Peptone 5.0 gm; NaCI 5.0 
gm; Beef extract 1.5 gm; Yeast extract 1.5 gm; Agar 20.0 gm; 
Sucrose 5%. 
Nutrient Agar plates with 5% sucrose were prepared. Plates 
were properly streaked with selected strain and kept for incubation 
16 
at 32 ± 1°C. After 48-72 hrs, plates were checked for the presence 
of convex, white mucous colonies indicating levan formation. 
3.1.2.6 Growth at different temperature 
Composition of Nutrient Agar medium: Peptone 5.0 gm; NaCI 5.0 
gm; Beef extract 1.5 gm; Yeast extract 1.5 gm; Agar 20.0 gm. 
Nutrient Agar plates were prepared and incubated at 30 ± 
1°C overnight to check sterility and to remove excess moisture. 
Each plate was divided into sectors and each sector was streaked 
from freshly prepared 72 hrs nutrient broth culture. Three set of 
each strains were prepared and each set was kept at different 
temperature of 4°C, 41 °C and 45"C for 24-45 hrs. Strains showing 
growth were marked as positive. 
3.1.2.7 Growth at pH 5.7 
Composition of Nutrient Agar medium : Peptone 5.0 gm; NaCI 5.0 
gm; Beef extract 1.5 gm; Yeast extract 1.5 gm; Agar 20.0 gm; 
pH 5.7. 
Nutrient Agar plates were prepared with pH adjusted to 5.7 
and incubated at 30 ± 1°C overnight to check sterility and to 
remove excess moisture. Each plate was divided into sectors and 
each sector was streaked from freshly prepared culture and plates 
were kept for incubation at 32 ± 1°C. Strains showing growth were 
marked as positive. 
3.1.2.8 Gelatin liquefaction 
Composition of Nutrient Agar medium : Peptone 5.0 gm; NaCI 3.0 
gm; Beef extract 3.0 gm; DW 1000 ml; Gelatin 4%. 
Nutrient gelatin tubes were inoculated with fresh culture and 
incubated at 32 ± 1°C for 72 hrs following incubation culture were 
refrigerated for 30 minutes, cultures that remain liquefied produce 
gelatin and confirm gelatin hydrolysis. 
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3.2 Detection of siderophores 
Production of siderophores was estimated qualitatively on 
Chrome-Azurol Sulfonate (CAS) agar medium (Schwyn and 
Neilands, 1987). For preparation of 1 L of blue agar, 60.5 mg CAS 
was dissolved into 50 mi water mixed with 10 ml Fe I I I solution 
(1 mM FeCl3.6H20, 10 ml HCI). Under stirring this solution was 
slowly added to 72.9 mg HDTMA dissolved in 40 ml distilled water. 
The resultant dark blue liquid was autoclaved. Also, autodaved 
mixture of 750 ml H2O, 100 ml lOx MM9 salts, 15 gm agar, 30.24 
gm pipes was added Into it. Later, NaOH solution (6M) was added to 
raise the pH up to 6.8 and the solution was poured into Petri plates 
(9 cm diameter). The active culture of the rhizobacterial isolates 
were spotted on the dark blue agar plates and kept these plates into 
incubator for 24-48 hrs at 32 ± 1°C. Appearance of dark orange 
zone against the dark blue agar plates indicates the production of 
siderophores. 
3.3 Hydrogen cyanide production 
Production of HCN was determined by the modified method of 
Miller and Higgins (1970). Rhizobacterial isolates were inoculated 
into nutrient broth flask and were incubated at 32 ± 1°C. These 
isolates were separately streaked on nutrient agar medium 
supplemented with glycine 4.4 gm/L with simultaneous addition of 
filter paper soaked in 0.5% picric acids in 1 % NazCOa in the upper 
lid of Petri plates (9 cm diameter) and the Petri plates were sealed 
with Parafllm. The control Petri plates did not receive inoculum. 
After incubation for 2-3 days at 32 ± 1°C, change in colour was 
observed. Change in colour from yellow to light brown (low), brown 
(moderate) or reddish brown (strong) showed the presence of HCN 
production. 
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3.4 Indole acetic acid production 
The production of lAA by rhizobacterial isolates was 
determined by tlie method of Gupta et al. (1999) with slight 
modifications. The cultures of bacterial isolates were grown on 
nutrient broth supplemented with tryptophane (5 mg/ml). Five ml of 
each bacterial culture were centrifuged at 7,100 rpm (2,191xg) for 
15 min. The supernatant was collected and finally passed through 
the milli pore filter of 0.2 p pore size. Two ml of supernatant were 
mixed with two drops of o-phosphorlc acid and 4 ml of freshly 
prepared Solawaski's reagent (50 ml of 35% perchloric acid, 1 ml 
0.5% FeCb). The development of pink colour showed the production 
of lAA. Absorbance was read by spectrophotometer at 530 nm. The 
level of lAA produced was estimated by a standard lAA graph and 
expressed as pg per ml. 
3.5 Effect of rhizobacteria on hatcliing of 
M. incognita 
Effect of 30 rhizobacterial species were observed on the 
hatching of root-knot nematode in small Petri plates at 30''C. 
Twenty egg masses of almost similar size were picked with sterilized 
forceps from the roots of Solanum melongena and placed in 20 ml 
suspension of each isolates separately for hatching. One ml of 
bacterial suspension contained 1.5x10^ bacterial cells/ml. For 
control, 20 egg masses were placed in 20 ml double distilled water 
for hatching. Each set was replicated five times and the experiment 
was repeated once. 
3.6 Root colonization by rhizobacteria 
Root colonization by different rhizobacterial species was also 
observed to screen effective strains. Tomato roots inoculated with 
rhizobacteria were collected one month after sowing. Surface 
sterilized 1 gm roots were crushed in sterile normal saline solution 
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(NSS) and 0.1 ml serially diluted extracts were plated on nutrient 
agar plates and incubated at SJ^C for 24 hrs. The plates were 
placed on a Quebec colony counter for counting the bacterial 
colonies. Colonies falling within the 30-300 range on Petri plates 
were selected and multiplied by a reciprocal dilution factor to obtain 
bacterial colony number (Sharma, 2001) and represented as colony 
forming units (CFU) per gm root. 
3.7 Effect of rhizobacterial isolates on the seedling 
growth 
An In vitro experiment was carried out to evaluate the effect 
of Bacillus and Pseudomonas isolates on the seedling growth of 
tomato by the method of Shende et al. (1977) and Elliot and Lynch 
(1984) with slight modifications. The seeds were surface sterilized 
with the help of 0 . 1 % Sodium hypochlorite (NaOCI) solution and 
rinsed thrice with distilled water. The bacterial cultures of each 
isolate were inoculated into flasks containing nutrient broth 
separately and were incubated at 37 ± 2°C for 48 hrs having 
1.5x10^ cells/ml. The seeds were dipped into the nutrient broth 
bacterial culture for 10 minutes and were placed on the Petri plates 
containing soft agar medium (0.8% sterile agar). These Petri plate 
were incubated at 32 ± l^C for eight days. In control, the seeds 
were treated with sterile medium alone. The length of the tomato 
seedlings (both shoot and root) were recorded in cm. Each set was 
replicated five times and the experiment was repeated once. 
3.8 Effect of rhizobacterial isolates on the growth of 
tomato and reproduction of M. incognita 
3.8.1 Preparation and sterilization of soil mixture 
Sandy loam soil was collected from a field belonging to 
Department of Botany, A.M.U., Aligarh, India and passed through a 
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10 mesh sieve. Each clay pots (15 cm diameter) were filled with 1 
kg of the soil mixture. A little water was poured into each pot to just 
wet the soil surface before sterilization at 137.9 kPa for 20 minutes. 
Sterilized pots were allowed to cool at room temperature before 
use. 
3.8.2 Raising and maintenance of test plant 
Tomato {Lycopersicon esculentum) seeds cultivar K-25 were 
surface sterilized with 0 . 1 % Sodium hypochlorite (NaOCI) for 2 min 
and rinsed three times with sterile water. Seeds were sown in 
steam sterilized soil placed in clay pots and one week after 
germination thinning was done to maintain single seedling per pot. 
Plants were placed in a green house and watered as needed. Two 
days after thinning, seedlings received the treatments. Uninoculated 
plants served as a control. The seedlings were inoculated with 2,000 
freshly hatched second stage juveniles (J2) of M. incognita and 
rhizobacterial isolates (10 ml at 10^ bacterial cells/ml). 
3.8.3 Preparation of nematode inoculum 
Large number of M. incognita egg masses were hand picked 
using sterilized forceps, from heavily infected brinjal {Solanum 
meiongena) roots on which a pure culture of the nematode was 
maintained. These egg masses were washed in distilled water and 
then poured in 10 cm diameter 15 mesh course sieve containing 
crossed layered of tissue paper and placed in Petri plates containing 
water just deep enough to contact the egg masses. The hatched 
juveniles were collected from the Petri plates every 24 hrs, and 
fresh water was added on the Petri plates. The concentration of 
second stage juveniles of M. incognita in the water was adjusted so 
that each milliliter contained 200 ± 5 nematodes. Ten milliliter of 
this suspension (i.e. 2,000 freshly hatched juveniles) was added to 
each pot containing a tomato seedling. 
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3.8.4 Rhizobacterial inoculum 
Nutrient agar plates were prepared by pouring sterilized 
nutrient agar into Petri plates and incubated overnight at 30''C to 
check sterility and remove excess moisture. A single colony of 
isolates from freshly subcultured plate was inoculated into each 
nutrient broth flask and incubated at 32 ± 1°C for 72 hrs. One ml 
contained about 10^ CFU/ml of Pseudomonas / Bacillus isolates. Ten 
ml of this suspension was inoculated into each pot around tomato 
seedling. 
3.8.5 Inoculat ion technique 
For inoculation of M. incognita and rhizobacterial isolates, soil 
around the roots was carefully moved aside without damaging the 
roots. The inoculum suspension of nematodes and bacterial isolates 
were poured around the roots and the soil was replaced. In control 
treatments where no bacterial or nematode inoculum was applied, 
water was added in equal volume to inoculum suspension. 
3.8.6 Experiments 
3 .8 .6 .1 Experiment 1 - Effect of Pseudomonas isolates on 
the growth and reproduction of Meloidogyne incognita 
There were 16 treatments comprising of P f l , Pa2, Pa3, Pa4, 
Pf5, Pf6, Pa7, Pa8, Pa9, PflO, P a l l , Pal2, Pal3, Pal4, Pfl5 and a 
control. These 16 treatments were tested in M. incognita inoculated 
and uninoculated plants (16x2=32). Each treatment was replicated 
five times (32x5=160 pots). 
3.8 .6 .2 Experiment 2- Effect of Bacillus isolates on the 
growth and reproduction of Meloidogyne incognita 
There were 16 treatments comprising of B l , B2, 83, 84, 85, 
86, 87, 88, 89, 810, 811, 812, 813, 814, 815 and a control. These 
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16 treatments were tested in M. incognita inoculated and 
uninoculated plants (16x2=32). Each treatment was replicated five 
times (32x5=160 pots). 
3.9 Observations 
Plants were uprooted 90 days after inoculation and root 
systems were gently rinsed. Data on plant length, plant fresh 
weight, plant dry weight, number of galls and nematode population 
were recorded. The plants were cut with knife above the base of the 
root emergence zone, and the length of shoots and roots were 
recorded In cm from the cut end to the top of the first leaf and the 
longest root respectively. Excess water was removed by blotting 
before weighing shoots and roots separately. The number of galls 
per root system was counted. For dry weight determination, shoots 
were kept in envelops at 60°C for 2-3 days to dry, then weight was 
taken. 
A 250g sub-sample of well mixed soil from each treatment 
was processed by Cobb's sieving and decanting technique followed 
by Baermann funnel extraction (Southey, 1986). Nematode 
suspensions were collected after 24 hrs, and the numbers of 
nematodes were counted in five aliquots of 1 ml of suspension from 
each sample. The mean of five counts were used to calculate the 
population of nematodes per kg soil. To estimate the number of 
juveniles, eggs and females inside the roots, Igm sub-sample of 
roots was macerated for 30-40 seconds in a Waring blender and 
counts were made on the suspension thus obtained. Numbers of 
nematodes present in the roots were calculated by multiplying the 
numbers of nematodes present in Igm of root by the total weight of 
root. 
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3.10 Statistical analysis 
The entire data was statistically analyzed by SPSS version 
11.0 (Chicago, Inc., USA) and Tukey's test was employed to denote 
the significance difference between the treatments at P= 0.05. 
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CHAPTER 4 
RESULTS 
4.1 Experiment 1 
Fifteen isolates of rliizobacteria belonging to Bacillus were 
isolated from M. incognita suppressive soil of tomato fields. After 
Gram staining Bacillus identification were confirmed by growing on 
Casein agar glucose medium (Table 1). Biochemical tests for 
Bacillus showed positive results for growth at 45°C, pH 5.7, gelatin 
liquefaction and citrate utilization while negative for growth in 7% 
NaCI (Table 1). However, some isolates showed variable response 
to citrate utilization and gelatin liquefaction. Comparison of these 
results with Bergey's Manual of Determinative Bacteriology, these 
15 isolates of Bacillus may belong to 6. coagulans, B. circulans. 
B. macerans, B. anthracis and B. cereus (Table 1). 
4 . 1 . 1 Effect on hatching of M. incognita 
Effects of 15 isolates of Bacillus were studied on the hatching 
of M. incognita (Table 2). Isolates B3, B5, B4, B l l and B l were 
more effective in the inhibition of hatching of M. incognita than the 
other isolates tested. Isolates BIO, B12 and B14 was found least 
effective in the inhibition of hatching of A7. incognita (Table 2). 
4 .1 .2 Root colonization by Bacillus isolates 
Root colonization by isolates of Bacillus was also studied in 
tomato roots one month after bacterial inoculation (Table 2). Isolate 
B5 and B8 caused maximum colonization of tomato roots followed 
by B l , B l l and B4. However, isolate B12^.caufii&(JA^Qiniym 
colonization of tomato roots. 
4.1 .3 Effect of Bacillus isolates on the growth of 
seedlings 
Seedling growth of tomato was found to be increased when 
seeds were treated with the isolates of Bacillus (Table 2). Isolate B5 
caused maximum increase in the growth of seedlings followed by 
B l l , B4 and 81 . (Minimum increase in the growth of seedling was 
caused by BIO (Table 2). 
4.1 .4 lAA production 
Isolate B5 had maximum production of lAA followed by B l l , 
B4 and B l (Table 2). Isolate B5 produced 25.00 pg/ml while 
9.50 pg/ml was least lAA produced by isolate BIO. 
4.1 .5 HCN production 
Out of 15 isolates, only one isolate namely B13 showed light 
brown colour which confirmed that this isolates has low production 
of HCN (Table 2). 
4.1 .6 Green house experiment 
4.1.6.1 Plants without nematodes 
Inoculation of Bacillus isolates to plants without M. incognita 
caused a significant increase in the growth of tomato except B9 and 
BIO (Table 3). Isolate B5, B l l and B4 caused maximum increase in 
the growth of plants without M. incognita followed by B l , B8 and B2 
(Table 3). 
4.1.6.2 Plants with nematodes 
Inoculation of plants with A/, incognita caused a significant 
reduction in plant growth compared to plants without nematodes 
(Table 3), All the isolates tested caused a significant increase in the 
growth of plants inoculated with nematodes except in plants with 
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isolates B9 and BIO. Isolates 85, 811 and 84 caused a greater 
Increase in plant growth compared to plants inoculated with other 
isolates (Table 3). 
Maximum reduction in galling was caused in plants Inoculated 
with 85 followed by 811, 84, 88, 81 , 82 and 815. Least reduction in 
galling was caused by 810 (Table 3). Similarly, Maximum reduction 
in nematode multiplication was caused by 84, 8 1 , 88, 85, and 82. 
Least reduction in nematode multiplication was caused by 810 
(Table 3). 
4.2 Experiment 2 
Fifteen isolates of rhizobacteria belonging to Pseudomonas 
were isolated from M. incognita suppressive soils of tomato fields. 
After Gram staining Pseudomonas identification were confirmed by 
growing on King's 8 medium (Table 4). Green fluorescence of 
Pseudomonas spp. was very clear on King's 8 medium. 
Characteristic tests for identification of Pseudomonas showed that 
10 isolates (Pa2, Pa3, Pa4, Pa7, Pa8, Pa9, P a l l , Pal2, Pal3 and 
Pa 14) were positive for growth at 41 °C, gelatin liquefaction and 
citrate utilization while negative for levan formation and growth at 
4*'C, thus identified as Pseudomonas aeruginosa (Pa). Five isolates 
(Pf l , Pf5, Pf6, PflO and Pfl5) showed different behavior such as 
positive levan formation, gelatin liquefaction and growth at 4°C and 
identified as Pseudomonas fluorescens (Pf) (Table 4). 
4.2.1 Effect on hatching of M. incognita 
Effects of 15 isolates of Pseudomonas were studied on the 
hatching of M. incognita (Table 5). Isolates Pa9, Pa8, Pal2 and Pa3 
were more effective in the inhibition of hatching of M. incognita than 
the other isolates tested. Isolates Pf l , Pf5, Pf l5, Pal3 and Pf6 was 
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found least effective in the inhibition of hatching of M. incognita 
(Table 5). 
4 .2 .2 Root colonization by Pseudomonas isolates 
Root colonization by isolates of Pseudomonas was also studied 
in tomato roots one month after bacterial inoculation (Table 5). 
Isolate Pa9 caused maximum colonization of tomato roots followed 
by Pa8, Pa3 and Pal2. However, isolates Pf l , Pf6 and Pal3 caused 
minimum colonization of tomato roots. 
4.2 .3 Effect of Pseudomonas isolates on the growth of 
seedling 
Seedling growth of tomato was found to be increased when 
seeds were treated with the isolates of Pseudomonas (Table 5). 
Isolates Pa9 and Pa8 caused maximum increase in the growth of 
seedlings followed by Pa3, Pal2 and Pa2 (Table 5). 
4.2 .4 Siderophores production 
Out of 15 isolates of Pseudomonas, only 10 isolates showed 
the production of siderophore in CAS medium (Table 6). Isolate 
Pal2 showed greater siderophore production followed by P a l l , Pa9, 
PflO Pa3, Pal3, Pf5, Pa8, Pal4 and Pa2. Five isolates namely Pf l , 
Pa4, Pf6, Pa7 and Pfl5 were unable to produce siderophore in CAS 
medium (Table 6). 
4.2 .5 lAA production 
Isolate Pa9 had maximum production of lAA followed by PaS, 
Pa3, Pal2, P a l l , Pa2 and Pf5 (Table 6). Isolate Pa9 produced 
27.75 pg /ml while 11.00 pg /ml was least lAA produced by 
isolate Pf l . 
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4.2 .6 HCN production 
Out of 15 isolates, 7 isolates namely Pf6, Pa7, Pa8, Pa9, PflO, 
Pa 12 and Pa 14 showed reddish colour which confirmed that these 7 
isolates have strong production of HCN (Table 6). Isolates Pfl and 
P a l l developed brown colour and had moderate production of HCN. 
Remaining 6 isolates showed low production of HCN by developing 
light brown colour (Table 6). 
4.2 .7 Green house exper iment 
4.2.7.1 Plants witliout nematodes 
Inoculation of Pseudomonas isolates to plants without 
M. incognita caused a significant increase in the growth of tomato 
except Pf l , Pf5 and Pal3 (Table 7), Isolate Pa9, Pa8 and Pa3 
caused maximum increase in the growth of plants without Af. 
incognita followed by Pal2, Pa2, Pa l l and Pal4 (Table 7). 
4.2.7.2 Plants with nematodes 
Inoculation of plants with A/, incognita caused a significant 
reduction in plant growth compared to plants without nematodes 
(Table 7). All the isolates tested caused significant increase in the 
growth of plants inoculated with nematodes except plants 
inoculated with isolates Pf6, Pf l , Pf5, and Pa 13. Isolates Pa9, Pa8 
and Pa3 caused a greater increase in plant growth compared to 
plants inoculated with other isolates (Table 7). 
Maximum reduction in galling was caused in plants inoculated 
with Pa9, PaS and Pa3 followed by Pal2 and Pa2. Least reduction in 
galling was caused by Pal3, Pf5, Pf6, Pf l , Pf l5, Pa4, Pa7, PflO, 
Pal4 and P a l l (Table 7). Similarly, Maximum reduction in 
nematode multiplication was caused by Pa9, Pa3 and PaS while 
least reduction in nematode multiplication was caused by Pa 13 
(Table 7). 
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Table 1. Character identification of Bacillus spp. 
Characters 
Isolates 
Bl 
B2 
B3 
B4 
B5 
B6 
B7 
ES 
B9 
BIO 
Bl l 
B12 
B13 
B14 
B15 
Gram 
reaction 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Growth 
at 45°C 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Growth 
at 7% 
NaCI 
-
-
-
-
-
-
' 
-
-
-
-
-
-
-
-
Growth in 
CAG' 
medium 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Growth 
a tpH 
5.7 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Gelatin 
liquefaction 
+ 
nd 
-
+ 
-
+ 
+ 
+ 
-
-
+ 
+ 
+ 
+ 
-
Citrate 
utilization 
+ 
+ 
-
+ 
+ 
+ 
+ 
+ 
+ 
-
+ 
+ 
+ 
+ 
-
+ = positive; - = negative; nd = not determined. 
'Casein agar 
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Table 2. Effect of isolates of Bacillus on the hatching of 
M. incognita, seedling growth and root colonization of tomato 
and on lAA and HCN production by these isolates 
Treatments 
C 
Bl 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
B9 
BIO 
B l l 
B12 
B13 
B14 
B15 
No. of M. 
incognita 
hatched 
340a 
91gh 
106efg 
57i 
79ghi 
68hi 
136cde 
132de 
lOlfg 
149cd 
186b 
81ghi 
164bc 
130def 
156bcd 
146cd 
Root colonization 
by Bacillus isolates 
(cfu/gm root) 
-
2.2 X lO'* 
1.7x10" 
2.0 X 10'' 
2.1 X lO'* 
2.3 X 10" 
1.5 X 10" 
1.6 X 10" 
2.3 X 10" 
1.8 X 10" 
1.4 X 10" 
2.2 X 10" 
1.1 X 10" 
1.2x10" 
1.3 X 10" 
1.3 X 10" 
Seedling growth 
(cm) 
Shoot 
4.28i 
6.02b 
5.60c 
4.84fgh 
6.14b 
6.54a 
4.92efgh 
5.08efg 
5.62c 
4.78gh 
4.68h 
6.18b 
4.92efgh 
5.24de 
5.18def 
5.44cd 
Root 
3.40f 
4.80ab 
4.30cd 
3.76ef 
4.74ab 
4.94a 
3.78ef 
3.92de 
4.46bc 
3.80e 
3.72ef 
4.96a 
3.98de 
4.20cd 
4.26cd 
4.24cd 
lAA 
production 
(^g/ml) 
-
21.25 
17.00 
11.25 
22.00 
25.00 
13.50 
13.25 
17.75 
10.50 
9.50 
24.50 
12.50 
15.50 
17.00 
17.25 
HCN 
production 
-
-
-
-
-
-
-
-
-
-
-
-
-
c+ 
-
-
Values within each column followed by same letters are not significantly different at P = 0.05. 
a+ = Reddish Brown (Strong); b+ = Brown (Moderate); c+ = Light Brown (Low). 
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Table 3. Effect of isolates of Bacillus on the growth, galling and nematode 
multiplication of tomato 
Treatments 
Without 
M. incognita 
With 
M. incognita 
C 
Bl 
B2 
B3 
B4 
BS 
B6 
B7 
B8 
B9 
BIO 
Bll 
B12 
B13 
B14 
BIS 
C 
Bl 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
B9 
BIO 
Bll 
Bl l 
B13 
B14 
B15 
Plant 
length 
(cm) 
64.0hij 
79.20abc 
76.4bcde 
67.4ghi 
80.3abc 
84.6a 
67.7ghi 
68.3fgh 
77.0bcd 
64,4ghij 
65.3ghij 
81.6ab 
67.4ghi 
70.9defg 
69.6efgh 
74.6cdef 
42.3p 
56.9kl 
55.4klm 
49.3mno 
58.7jk 
61.0ijk 
48.7mnop 
49.4mno 
55.0klmn 
46.4op 
47. lop 
58.8jk 
48.5nop 
51.21mno 
SO.Slmno 
54.6klmn 
Plant 
fresh 
weight 
(cm) 
44.34klmn 
72.00bc 
70.00cd 
52.32hij 
74.40bc 
80.30a 
54.32h 
61.20efg 
71.30bcd 
48.66ijk 
46.00klm 
75.80ab 
57.32fgh 
63.60e 
62.70ef 
66.00de 
39.20n 
53.60hi 
52.50hij 
42.681mn 
56.60gh 
60.60efg 
43.001mn 
44.00klmn 
52.60hij 
40.68mn 
40.00n 
56.80gh 
43.68klmn 
47.60jkl 
47.32jkl 
48.70ijk 
Shoot dry 
weight 
(gm) 
17.65klmn 
18.23bc 
17.67bcd 
13.96hi 
19.00ab 
21.00a 
14.14ghi 
14.70efghi 
I8.16bc 
13.68ijk 
13.33ijk 
20.32a 
14.27ghi 
15.85defgh 
15.71defgh 
16.51cde 
8.860 
14.62efghi 
14.32ghi 
ll.OOmn 
16.00defg 
17.28bcd 
11.121mn 
11.84jklmn 
14.46fghi 
10.78no 
10.76no 
16.33cdef 
11.241mn 
13.02ijkl 
12.80ijklm 
13.90hi 
Root dry 
weight 
(gm) 
l.OOg 
1.57bcde 
1.45cdef 
l.lOfg 
1.62bcd 
2.09a 
1.12fg 
1.17fg 
I.45cdef 
1.05g 
1.04g 
1.72bc 
1.13fg 
1.27defg 
1.25efg 
1.33defg 
0.98g 
1.75abc 
1.71bc 
1.04g 
1.82ab 
1.88ab 
1.05g 
1.14fg 
1.72bc 
1.02g 
l.OOg 
1.83ab 
1.07g 
I.20fg 
1.19fg 
1.30defg 
No. of 
galls/root 
system 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
130a 
73defg 
73defg 
87bcd 
69efg 
61g 
86cd 
84cde 
73defg 
95bc 
102b 
65fg 
84cde 
79def 
79def 
76defg 
Nematode 
population 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
13420a 
6880bc 
7260bc 
9110bc 
6270c 
7200bc 
9020bc 
8760bc 
7110bc 
9640b 
9680b 
7420bc 
8970bc 
8270bc 
7860bc 
7690bc 
Values within each column followed by same letters are not significantly different at P = 0.05. 
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Table 4. Character identification of fluorescent pseudomonads spp. 
Characters 
Isolates 
pn 
Pa2 
Pa3 
Pa4 
Pf5 
Pf6 
Pa7 
Pa8 
Pa9 
PflO 
Pall 
Pal2 
Pal3 
Pal4 
Pfl5 
Gram 
reaction 
-
-
-
-
^ 
-
-
-
-
-
-
-
-
-
-
Fluorescence 
on King's B 
medium 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Growth 
at4''C 
+ 
-
-
-
+ 
+ 
-
-
-
+ 
-
-
-
-
+ 
Growth 
at 41 -C 
-
+ 
+ 
+ 
-
-
+ 
+ 
+ 
-
+ 
+ 
+ 
+ 
-
Levan 
formation 
+ 
-
-
-
+ 
+ 
-
-
-
+ 
-
-
-
-
+ 
Gelatin 
liquefaction 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Citrate 
utilization 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ = positive; - = negative 
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Table 5. Effect of isolates of Pseudomonas on the hatching 
of Af. incognita and on seedling growth and root 
colonization of tomato 
Treatments 
C 
pn 
Pa2 
Pa3 
Pa4 
Pf5 
Pf6 
Pa7 
Pa8 
Pa9 
PflO 
Pall 
Pal2 
Pal3 
Pal4 
pns 
No. of 
Af. incognita 
hatched 
340a 
170b 
98cd 
86de 
131c 
179b 
191b 
121c 
68de 
56e 
124c 
126c 
82de 
184b 
130c 
182b 
Root colonization 
by bacteria 
(cfu/gm root) 
-
1.2x10'' 
1.9x10* 
2.0x10" 
1.6x10" 
1.3x10" 
1.2x10" 
1.6x10" 
2.3x10" 
2.4x10" 
1.7x10" 
1.7x10" 
2.0x10" 
1.2x10" 
1.7x10" 
1.3x10" 
Seedling growth (cm) 
Shoot 
4.28J 
5.14gh 
5.90c 
6.82b 
5.44defg 
4.96hi 
5.16fgh 
5.30defg 
7.16a 
7.32a 
5.46def 
5.56d 
6.12c 
4.82i 
5.48de 
5.18efgh 
Root 
3.40g 
3.70defg 
4.04d 
4.84bc 
3.98d 
3.60efg 
3.78def 
3.82def 
4.98b 
5.40a 
3.96de 
3.94de 
4.56c 
3.50fg 
3.94de 
3.78def 
Values within each column follwed by same letters are not significantly different at 
P = 0.05. 
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Table 6. Siderophore, lAA and HCN production by the 
isolates of Pseudomonas 
Isolates 
pn 
Pa2 
Pa3 
Pa4 
Pf5 
Pf6 
Pa7 
Pa8 
Pa9 
pno 
Pall 
Pal2 
Pal3 
Pal4 
PflS 
lAA 
production 
(^g/ml) 
11.001 
22.75de 
25.00bc 
14.00J 
21.25ef 
20.00fg 
13.50jk 
26.25ab 
27.75a 
19.00gh 
23.50cd 
25.00bc 
16.25i 
17.75hi 
12.00kl 
HCN 
Production 
b+ 
c+ 
c+ 
c+ 
c+ 
a+ 
a+ 
a+ 
a+ 
a+ 
b+ 
a+ 
c+ 
a+ 
c+ 
Siderophore 
Production 
(area in cm )^ 
-
1.17f 
2,13bc 
-
2.00c 
-
-
1.64d 
2.24b 
2.13bc 
2.25b 
2.57a 
2.10c 
1.40e 
-
Values within each column followed by same letters are not significantly different 
at P = 0.05. 
a+ = Reddish Brown (Strong); b+ = Brown (Moderate); c+ = Light Brown (Low). 
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Table 7. Effect of isolates of Pseudomonas on the growth, galling and 
nematode multiplication of tomato 
Treatments 
Without 
M 
incognita 
With 
M. incognita 
C 
Pfl 
Pa2 
Pa3 
Pa4 
Pf5 
Pf6 
Pa7 
Pa8 
Pa9 
PflO 
Pall 
Pall 
Pal3 
Pal4 
pns 
C 
Pfl 
Pa2 
Pa3 
Pa4 
Pf5 
Pf6 
Pa7 
Pa8 
Pa9 
PflO 
Pall 
Pall 
Pal3 
Pal4 
PflS 
Plant 
length 
(cm) 
64.0ijk 
68.gfghij 
78.7bc 
87.6a 
74.7cde 
67.9ghij 
69.6efghi 
71.3defg 
89.1a 
91.3a 
74.2cdef 
75.6bcd 
80.4b 
67.6ghij 
74.8bcde 
69.7efgh 
42.3p 
49.20 
57.01m 
63.2jk 
52.9mno 
49.6no 
50.8no 
51.4mno 
65.3hij 
66.6ghij 
54.2 Imno 
55. limn 
58.6kl 
49.20 
54.41mno 
50.8no 
Plant fresh 
weight 
(gm) 
44.34mnop 
61.34gh 
71.34bc 
81.20a 
65.20defg 
59.20hi 
62.20fgh 
64.80defg 
81.32a 
81.6Da 
66.66cdef 
69.40bcd 
72.80b 
49.00klm 
67.80bcde 
62,66efgh 
39.20p 
44.32mnop 
53.20jk 
61.32gh 
47.921mn 
43.67nop 
44.68mno 
47.721mn 
63.40efgh 
64.00efgh 
49.20klm 
50.82jkl 
55.20ij 
42.00OP 
49.40klm 
46.681mno 
Shoot dry 
weight (gm) 
11.65mno 
14.78ghijklm 
18.28bcdefg 
21.32ab 
16.20cdefghij 
14.59hijklm 
15.34fghijkl 
15.96defghijk 
21.67ab 
22.34a 
16.77cdefghij 
17.27cdefgh 
18.44bcdef 
13.80hijklmn 
17.12cdefghi 
15.62efghijk 
8.860 
11.901mno 
14.48hijklm 
19.00abcde 
13.72ijklmn 
11.50mno 
12.00imno 
13.33jklmn 
19.33abcd 
19.67abc 
M.OOhijklmn 
14.20hijklmn 
15.64efghiik 
10.82no 
14.04hijklmn 
12.46klmn 
Root dry 
weight 
(em) 
l.OOkl 
1.18hijkl 
1.47defgh 
2.10ab 
1.32ghijk 
1.16hijkl 
1.23hijkl 
1.30ghijkl 
2.13a 
2.18a 
1.35ghij 
1.41efghi 
1.60defg 
1.05jkl 
1.38fghi 
1.25hijkl 
0.981 
1.15hijkl 
1.74cde 
1.93abc 
1.22hijkl 
1.13ijki 
1.16hijkl 
1.21hijkl 
1.98abc 
1.99abc 
1.58defg 
1.70cdef 
1.78bcd 
1.03jkl 
1.59defg 
1.17hijkl 
No. of 
galls/root 
system 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
130a 
82bc 
73c 
53d 
76bc 
84bc 
82bc 
76bc 
49d 
45d 
74bc 
74bc 
72c 
88b 
74bc 
80bc 
Nematode 
population 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
13420a 
8710bcd 
6930hi 
4620k 
7790efgh 
8890bc 
8620bcde 
7910defg 
5020jk 
4580k 
7610fghi 
7240ghi 
68601 
9420b 
8130cdef 
5860J 
Values within each column followed by same letters are not significantly different at P = 0.05. 
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dten 
CHAPTER 5 
DISCUSSION 
Almost all the Bacillus isolates, used in this study, increased 
the growth of nematode inoculated and uninoculated plants. Out of 
15 isolates of Bacillus, isolates B5, B4, B l l and B l were better in 
improving plant growth and reducing galling and nematode 
multiplication than the other isolates of Bacillus. Bacillus pumilus 
SE34 showed a rapid colonization of all tissues including the 
vascular stele in tomato and induced resistance against Fusarium 
oxysporum (Benhamou et al., 1998). The main facets of the altered 
host metabolism concerned the induction of a structural response at 
sites of pathogen entry and the abnormal accumulation of electron-
dense substances in the colonized areas. Bacilli are known to 
suppress diseases by inhibition of pathogens by diffusible or volatile 
products, induction of resistance in plants and aggressive root 
colonization and stimulation of plant growth (Kloepper et al., 1980; 
Weller, 1988; Siddiqui and Mahmood, 1999; Siddiqui, 2006). 
Isolates B5, B4, B l l and B l caused greater root colonization than 
caused by other isolates. This may be the one reason for B5, B4, 
B l l and B l isolates to cause greater increase in plant growth and 
greater reduction in nematode multiplication than caused by other 
isolates in the present study. Moreover, greater seedling growth 
was observed in the seeds treated with B5, B4, B l l and B l isolates 
than with the other isolates. This also confirms that B5, B4, B l l and 
B l isolates have greater plant growth promoting effect than caused 
by other isolates. 
Bacillus spp. produces a wide variety of antibiotics, growth 
promoting hormones and can solubilize phosphorous (Rodriguez and 
Fraga, 1999). B5, B4, B l l and B l isolates of Bacillus were 
successful in the biocontrol of root-knot disease of tomato. 
Isolate B5 was found best in improving plant growth and reducing 
galling and nematode multiplication followed by B4, B l l and 81 . 
Isolate 65 produced greater amount of lAA and colonized the roots 
greater than other isolates used. The plant growth promotion ability 
of Bacillus is a function of good root colonization and production of 
growth hormones as reported earlier (Weller, 1988). Good inhibition 
of nematodes in rhizospheric condition was achieved by isolate 65 
than other isolates used because 85 was equipped with the ability 
to produce greater lAA reported to antagonize pathogens. 
Most of the Pseudomonas isolates, used in this study, 
increased the growth of nematode Inoculated and unlnoculated 
plants. Among the 15 Isolates used, isolates Pa9 and Pa8 were best 
in improving plant growth and reducing galling and nematode 
multiplication than the other isolates used. Pseudomonas are known 
to suppress diseases by Inhibition of pathogens by competition of 
Fel l l , production of diffusible or volatile products, induction of 
resistance in plants and aggressive root colonization and stimulation 
of plant growth (Kloepper et al., 1980; Weller, 1988; Siddiqui and 
Mahmood, 1999; Siddiqui, 2006). Isolates Pa9 and Pa8 caused 
greater root colonization than caused by other isolates. This may 
be the one reason for isolates Pa9 and Pa8 to cause greater 
increase in plant growth and greater reduction in nematode 
multiplication than caused by other isolates in the present study. 
Moreover, greater seedling growth was observed in the seeds 
treated with isolates Pa9 and Pa8 than with the other Isolates. This 
also confirms that these 2 isolates have greater plant growth 
promoting effect than caused by other isolates. 
Pseudomonas spp. produces a wide variety of antibiotics, 
growth promoting hormones, siderophores, HCN and can solubilize 
phosphorous (Kraus and Loper, 1995; Seong and Shin, 1996; 
Rodriguez and Fraga, 1999). Most of the Isolates of Pseudomonas 
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were successful in the biocontrol of root-knot disease of tomato. 
Isolate Pa9 and Pa8 produced greater amount of siderophores, HCN, 
lAA and colonized the roots greater than other isolates used. The 
plant growth promotion ability of fluorescent pseudomonad is a 
function of good root colonization and production of growth 
hormones as reported earlier (Weller, 1988; O'Sullivan and O'Gara, 
1992). (Moreover, various secondary metabolites secreted by 
Pseudomonas spp. including HCN and siderophores have been found 
to be inhibitory against different phytopathogens (Bagnasco et al., 
1998; Siddiqui, 2006). Good inhibition of nematodes in rhizospheric 
condition was achieved by isolates Pa9 and Pa8 than other isolates 
used because these isolates were equipped with the ability to 
produce greater HCN and siderophores reported to antagonize 
pathogens. 
This study indicates that isolate B5, 611, 84 and 81 of 
Bacillus and Pa9 and Pa8 of Pseudomonas aeruginosa may 
successfully be used for the biocontrol of Meloidogyne incognita on 
tomato. However, field study is required to confirm these results. 
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CHAPTER 6 
SUMMARY 
Thirty isolates of fluorescent pseudomonads and Bacillus spp. 
were isolated from Meloidogyne incognita suppressive soils of tomato 
fields. These isolates were evaluated In the laboratory and greenhouse 
for the blocontrol of Meloidogyne incognita on tomato. 
Out of 15 isolates of Bacillus B l , B4, B5 and B l l caused greater 
Inhibitory effect on hatching of M. incognita than caused by other 
Isolates. In addition, these isolates (B l , B4, B5 and B l l ) caused 
greater colonization of tomato roots and also caused greater Increase 
in the growth of tomato seedling than caused by other isolates. All the 
isolates of Bacillus were able to increase growth of tomato and caused 
reduction in galling and nematode multiplication in green house tests. 
Isolates B l , B4, B5 and B l l caused a greater increase in growth of 
tomato and higher reduction In galling and nematode multiplication 
than other isolates in a green house test. These isolates were also 
tested for hydrogen cyanide (HCN) and indole acetic acid (lAA) 
productions. Only one isolate (B13) produced HCN out of 15 tested. On 
the other hand, Isolates B5, B l l , B4 and B l showed greater 
production of lAA than the other 11 isolates tested. 
Out of 15 Pseudomonas isolates, P. aeruginosa isolates Pa8, Pa9 
and Pa3 caused greater inhibitory effect on hatching of M. incognita 
than the other isolates of Pseudomonas used. In addition, isolates Pa8, 
Pa9 and Pa3 caused greater colonization of tomato roots and also 
caused greater increase in the growth of tomato seedling than caused 
by other isolates. Isolates Pa8, Pa9 and Pa3 caused greater Increase in 
growth of tomato and higher reduction in galling and nematode 
multiplication In a greenhouse test than caused by other Isolates. 
However, isolates Pf l , Pf5, Pf6 and Pa 13 were unable to increase 
growth of tomato in greenhouse test and caused less reduction in 
galling and nematode multiplication compared to other isolates. These 
isolates were also tested for siderophore, hydrogen cyanide (HCN) and 
indole acetic acid productions. Only 10 isolates produced siderophore 
on Chrome-Azurol Sulfonate (CAS) agar medium. Isolate Pal2 showed 
greater production of siderophore followed by P a l l , Pa9, PflO, Pa3 
and Pf5. Similarly, isolates Pal2, PflO, Pa9, Pa8, Pa7 and Pf6 produced 
greater amount of HCN than the other isolates tested. On the other 
hand, Pa8 and Pa9 showed greater production of lAA than the other 13 
isolates tested. 
Study suggests that Bacillus isolates B5, B l l , B4 and B l and P. 
aeuginosa isolates Pa9 and Pa8 may be used for the biocontrol of M. 
incognita on tomato. 
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